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(54) Process for producing vinyl chloride polymers. 



) A process for producing a vinyl chloride polymer comprising the steps of charging a vinyl chloride 
monomer or a vinyiic monomer mixture containing a vinyl chloride monomer, an oil-soluble polymeri- 
zation initiator, a dispersion stabilizer and water into a polymerization vessel, and suspension- 
polymerizing said monomer in an aqueous medium, wherein said water is charged into the polymeri- 
zation vessel in a state of pH 2.5-5.0. According to this production process, a vinyl chloride polymer 
having good particle size distribution, initial coloration, heat stability, demonomering property (removal 
of monomer) and the like is obtained in a broad range of an oxygen amount without being affected by 
the oxygen amount in the polymerization vessel. Further, the polymer obtained by the production 
process presents a formed article having fewer fish eyes when it is formed. In addition, because an 
adhesion amount of polymer scales to an inner wall of the polymerization vessel is extremely less, 
productivity is good. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

s The present invention relates to a process for producing vinyl chloride polymers by suspension polymeri- 

zation. 

2. Description of Prior Arts 

w As processes for producing vinyl chloride polymers which present molded articles having high porosity, 

excellent processability and fewer fish eyes, there are known processes for producing vinyl chloride polymers 
by suspension polymerization using a partially saponified polyvinyl alcohol having an average polymerization 
degree of not more than 600 and a saponification degree of not more than 55 mol% as a dispersion stabilizer 
(Japanese Patent Laid-open (KOKAI) Nos. 52-5866, 55-112210, 53-6392 and 63-264611 and Japanese Patent 

15 Publication (KOKOKU) No. 61-18562 etc.). 

However, in the case of the aforementioned processes, particle size distribution of an obtained polymer 
is deficient in stability, and for example, if polymerization is performed under a condition of a small oxygen 
amount in a polymerization system, coarse particles of a polymer are apt to be generated. Further, scales are 
apt to adhere to an inner wall of a polymerization vessel during this event, and the obtained polymer is apt to 

20 cause fish eyes when it is processed into a sheet shape. These problems can be suppressed to some extent 
by increasing the oxygen amount in the polymerization vessel to about 80 to 200 ppm, however, when the oxy- 
gen amount is increased in such a manner, the obtained polymer undergoes high initial coloration upon forming 
processing, and heat stability lowers. 

25 SUMMARY OF THE INVENTION 

Thus a task of the present invention is to provide a process for producing a vinyl chloride polymer com- 
prising suspension-polymerizing vinyl chloride or a mixture of monomers containing vinyl chloride in an aqu- 
eous medium containing a dispersion stabilizer, as a process for producing vinyl chloride polymers wherein 
30 vinyl chloride polymers which present formed articles, in which initial coloration upon forming processing is 
less, heat stability is good and fewer fish eyes exist even after being processed into a sheet shape, can be 
stably produced in a broad oxygen amount range without being affected so much by an oxygen amount in a 
polymerization vessel. 

As a result of vigorous investigation by the present inventors in order to solve the aforementioned task, 
35 the present invention has been achieved. Namely, the present invention provides: 
a process for producing a vinyl chloride polymer comprising the steps of: 

charging a vinyl chloride monomer or a vinylic monomer mixture containing a vinyl chloride monomer, 
an oil-soluble polymerization initiator, a dispersion stabilizer and water into a polymerization vessel; and 
suspension-polymerizing said monomer in an aqueous medium; 
40 wherein said water is charged into the polymerization vessel in a state of pH 2.5-5.0. 

According to the aforementioned process, the vinyl chloride polymer having good quality is obtained with- 
out being affected so much by an oxygen amount in the polymerization vessel. Namely, with respect to the 
obtained polymer, initial coloration upon forming processing is less, heat stability is high, and fewer fish eyes 
exist even after being formed into a sheet shape. 

45 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The present invention will be described in detail hereinafter. 
50 Charge water 

In the present invention, it is necessary that pH of the water to be charged into the polymerization vessel 
is 2.5-5.0, preferably 3.0-4.5, and more preferably 3.0-4.3. If pH of the charge water is lowerthan 2.5, it becomes 
impossible to neglect corrosion of a polymerization apparatus and the like. On the other hand, if pH exceeds 
55 5.0, stability of the suspension system lowers, plasticizer absorption of the obtained polymer lowers, and 
coarse particles of the polymer are apt to be generated, resulting in that fish eyes are apt to increase when 
the obtained polymer is processed into a sheet shape, and increase in the amount of scale deposition on an 
inner wall of the polymerization vessel and the like is apt to take place. Incidentally, pH of the charge water 
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may be within the aforementioned range upon charging. 

It is usually preferable that the charge water having a pH of 2.5-5.0 is used for the polymerization reaction 
immediately after preparation. When the charge water is left for a long time, attention is required in that it should 
be stored in a vessel having high corrosion resistance so as not to corrode the apparatus and the like, 
s A method for charging the water may be a method which is usually used. The water may be charged after 

heating, or may be charged simultaneously with the monomer, the dispersion stabilizer and the like. When the 
water is charged after heating, its temperature range is preferably 30 °C to 60 °C. 

With respect to pH adjustment of the water to be charged, for example, water deionized with an ion ex- 
change resin or the like (usually pH = 5.5-7.0, electrical conductance: about 1-1000 MS/cm) may be added 
w with a pH adjuster to provide a pH of 2.5-5.0. As the pH adjuster, for example, there may be exemplified inor- 
ganic acids such as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid and the like; organic acids such 
as acetic acid and the like. These inorganic acids and organic acids may be used singly, or in combination of 
two or more. Further, an inorganic acid and an organic acid may be used in combination. Further, a buffer agent 
may be used in combination with an aforementioned acid. 

15 

Dispersion stabilizer 

The dispersion stabilizer used in the present invention is not specially limited, however, for example, there 
may be exemplified partially saponified polyvinyl alcohol; cellulose derivatives such as methyl cellulose, ethyl 

20 cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropylmethyl cellulose and the like; polya- 
crylic acid; copolymers of vinyl acetate and maleic anhydride; polyvinyl pyrrolidone; natural or synthetic poly- 
meric compounds such as gelatin and the like. 

The amount of the dispersion stabilizer is usually 0.005-5.0 parts by weight, more preferably 0.01-1.0 part 
by weight per 100 parts by weight of the monomer. 

25 Preferably as the dispersion stabilizer, (A) an oil-soluble partially saponified polyvinyl alcohol having an 

average polymerization degree of 150-600 and a saponification degree of 20-60 mol% (more preferably 20- 
55 mol%) and (B) a water-soluble polymer are used in combination. 

As the water-soluble polymer dispersion stabilizer (B), for example, there may be exemplified water-solu- 
ble partially saponified polyvinyl alcohol having an average polymerization degree of 800-3000 and a saponi- 

30 f ication degree of 70-90 mol%; cellulose derivatives such as methyl cellulose, ethyl cellulose, hydroxyethyl cel- 
lulose, hydroxypropyl cellulose, hydroxypropylmethyl cellulose and the like; polyacrylic acid; copolymers of vi- 
nyl acetate and maleic anhydride; polyvinyl pyrrolidone; gelatin and the like. Among them, a water-soluble par- 
tially-saponified polyvinylalcohol having an average polymerization degree of 800 to 3,000 and a saponifica- 
tion degree of 70 to 90 mol% and hydroxypropylmethyl cellulose are preferable. 

35 When the aforementioned (A) and (B) are used together as the dispersion stabilizer, the dispersion sta- 

bilizer (A) is charged usually in an amount of 0.005-1 .0 part by weight, preferably 0.005-0.07 part by weight, 
more preferably 0.01-0.04 part by weight per 100 parts by weight of the monomer. Further, the dispersion sta- 
bilizer (B) is charged in an amount of 0.005-4.0 parts by weight, preferably 0.005-0.4 part by weight, more pre- 
ferably 0.01 -0.1 part by weight per 1 00 parts by weight of the monomer. Further, a weight ratio of the dispersion 

40 stabilizers (A)/(B) is usually in a range of 1/1 0 o 4/1 , preferably 1/2 to 2/1 . 

Monomer 

The monomer used in the present invention is vinyl chloride or a mixture of monomers containing vinyl 
45 chloride. 

The aforementioned mixture of monomers containing vinyl chloride comprises vinyl chloride and one or 
more monomers copolymerizable with vinyl chloride. As such monomers copolymerizable with vinyl chloride, 
for example, there may be exemplified vinyl esters such as vinyl acetate, vinyl propionate and the like; acrylic 
esters such as methyl acrylate, ethyl acrylate and the like; methacrylate esters such as methyl met hacry late, 
50 ethyl methacrylate and the like; olefins such as ethylene, propylene and the like; maleic anhydride; acryloni- 
trile; styrene; vinylidene chloride and the like. As the aforementioned mixture of monomers containing vinyl 
chloride, usually one containing vinyl chloride in an amount of not less than 50 % by weight is used. 

Polymerization initiator 

55 

As the polymerization initiator, oil-soluble polymerization initiators, which have been hitherto used for poly- 
merization of vinyl chloride, are used. As such oil-soluble polymerization initiators, for example, there may be 
exemplified perester compounds such as t-butyl peroxyneodecanoate, t-hexyl peroxyneodecaroate, t-hexyl 
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peroxypivatate, a-cumyl peroxyneodecanoate, t-hexyl peroxyneohexanoate, 1,1,3,3-tetramethylbutyl peroxy- 
neodecanoate and the tike; percarbonate compounds such as diisopropyl peroxydicarbonate, di-2-ethylhexyl 
peroxydicarbonate, di-2-ethoxyethyl peroxydicarbonate, dimethoxyisopropyl peroxydicarbonate and the like; 
peroxide compounds such as decanoyt peroxide, lauroyl peroxide, benzoyl peroxide, cumene hydroperoxide, 
5 cyclohexanone peroxide, 2,4-dichlorobenzoyl peroxide, p-menthane hydroperoxide, 3,5,5-trimethylhexanoyl 
peroxide, isobutyryl peroxide, acetylcyclohexylsulfonyl peroxide and the like; azo compounds such as a,a'- 
azobisisobutyronitrile, a,a'-azo- bis(2,4-dimethylvaleronitrile), a,a'-azobis(4-methoxy-2,4-dimethylvaleroni- 
trile) and the like. 

The aforementioned oil-soluble polymerization initiators can be used either singly or in combination of two 
10 or more. 

The oil-soluble polymerization initiator may be added to the water or the monomer in the polymerization 
vessel during charging or after completion of charging, or it may be homogeneously mixed with the monomer 
beforehand to be charged together with the monomer. Alternatively, the oil-soluble initiator may be charged 
after mixing it with an aqueous medium to provide an aqueous emulsion. 

15 

Other additives 

In the production process of the present invention, optionally it is possible to add, to the polymerization 
system, solid dispersing agents such as calcium phosphate, hydroxyapatite and the like; nonionic emulsif iers 
20 such as sorbitan monolaurate, sorbitan trioleate, polyoxyethylene alkyl ether and the like; anionic emulsif iers 
such as sodium lauryl sulfate, sodium dodecylbenzenesulfonate, sodium dioctylsulfosuccinate and the like; 
polymerization adjusting agents; chain transfer agents; pH adjusters; gelation modifiers; charge inhibitors; 
crosslinking agents; stabilizers; fillers; scale inhibitors; antioxidants and the like which have been used for pro- 
duction of vinyl chloride polymers. 

25 

Polymerization 

A general embodiment of the present invention will be described below. 

After separately preparing water having a pH of 2.5-5.0 for charging, the water, a dispersion stabilizer and 

30 a polymerization initiator are charged into a polymerization vessel. Next, the interior of the polymerization ves- 
sel is evacuated and subjected to pressure reduction, and then a monomer is charged. Generally after the 
charge of the monomer, polymerization is initiated by gradually raising the temperature at the inside of the poly- 
merization vessel. The oxygen amount in the polymerization vessel at the time point of the initiation of poly- 
merization is preferably in a range of 10-70 ppm, more preferably 10-60 ppm based on the weight with respect 

35 to the charged monomer. If the oxygen amount exceeds 70 ppm, initial coloration deteriorates when an obtained 
polymer is formed into a sheet shape, and necessary polymerization time becomes long. Herein the oxygen 
amount in the polymerization vessel means a total amount of oxygen which exists in a gas phase in the poly- 
merization vessel and oxygen which has been dissolved an is present in a liquid phase. 

After completion of the charge of the materials as described above, temperature raising is started while 

40 performing agitation, and polymerization is performed at a reaction temperature of 30-80 °C. During the poly- 
merization, optionally one or more of water, a dispersion stabilizer and a polymerization initiator are supple- 
mented. After completion of the polymerization reaction, the unreacted monomer is recovered, and then poly- 
mer slurry is dehydrated and dried to obtain an aimed polymer. 

The amount of the water to be charged for the polymerization is usually 20-500 parts by weight per 100 

45 parts by weight of the monomer, and the amount of the polymerization initiator is 0.001-5 parts by weight per 
1 00 parts by weight of the monomer. 

EXAMPLES 

50 Examples of the present invention will be described below. The present invention is not limited by the fol- 

lowing Examples at all. 

Example 1 

55 goo kg of a deionized water separately adjusted to have a pH of 4 by using sulfuric acid, 6500 g of 5 % by 

weight of an aqueous solution of partially saponified polyvinyl alcohol having a saponification degree of 78 
mol% and an average polymerization degree of 2000, and 975 g of 20 % by weight of a water/methanol solution 
(water/methanol weight ratio: 1/1) of a partially saponified polyvinyl alcohol having a saponification degree of 
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48 mol% and an average polymerization degree of 300 were charged into a polymerization vessel made of 
stainless steel having an internal volume of 21 m 3 equipped with a water jacket and an agitator. Hot water was 
fed to the jacket to raise the internal temperature of the polymerization vessel to 30 °C while agitating a mixture 
charged in the polymerization vessel, and the interior of the polymerization vessel was evacuated to achieve 

5 1 00 mmHg-abs. When the oxygen amount in the polymerization vessel was measured immediately after com- 
pletion of the evacuation, it was 33 g. The measurement of the oxygen amount in the polymerization vessel 
was performed by measuring the amount of oxygen in the gas phase part and that of oxygen dissolved in the 
suspension by gas chromatography separately and calculating the sum thereof. Specifically, the gas in the 
gas phase part and the suspension were respectively sampled and subjected to gas chromatography. From 

10 the values of oxygen amounts measured and the known volumes of the gas phase part and the suspension, 
the whole amount of oxygen in the polymerization vessel was obtained. 

Next, 650 kg of a vinyl chloride monomer was charged while agitating the mixture in the polymerization 
vessel, and then 590 g of t-butyl peroxyneodecanoate was introduced under pressure by a pump. Simultane- 
ously with the charge of the initiator, hot water was fed to the water jacket to start temperature raising of the 

is interior of the polymerization vessel, and polymerization was initiated. 

The polymerization reaction was performed while maintaining the temperature at 51 °C, and the polymer- 
ization was stopped at a time point at which the internal pressure lowered to 6.0 kg/cm 2 G. A time period from 
the start of the polymerization to the stop of the polymerization was measured as polymerization time. After 
recovering unreacted monomer, a slurry-like polymer was recovered, followed by dehydration and drying to 

20 obtain the polymer. Conditions of the aforementioned polymerization are shown in Table 1. 

Example 2 

Production of a polymer was carried out in the same manner as in Example 1 except that the temperature 
25 in the polymerization vessel upon the evacuation was 50 °C instead of 30 °C. The oxygen amount after evac- 
uation of the interior of the polymerization vessel was 10 g. 

Comparative Example 1 

30 Production of a polymer was carried out in the same manner as in Example 1 except that deionized water 

not subjected to pH adjustment was charged as it was instead of the deionized water adjusted to pH 4 in Ex- 
ample 1 . In this case, the charged deionized water had a pH of 6. In addition, the oxygen amount after evac- 
uation of the interior of the polymerization vessel was 33 g. 

35 Comparative Example 2 

Production of a polymer was carried out in the same manner as in Comparative Example 1 except that 
the interior of the polymerization vessel was evacuated to achieve 1 00 mmHg-abs. instead of 50 mmHg-abs. 
The oxygen amount after evacuation of the interior of the polymerization vessel was 55 g. 

40 

Comparative Example 3 

Production of a polymer was carried out in the same manner as in Comparative Example 1 except that 
the charge amount of the 5 % by weight of the aqueous solution of the partially saponified polyvinyl alcohol 
45 having a saponification degree of 78 mol% and an average polymerization degree of 2000 was changed to 
8450 g and that the interior of the polymerization vessel was evacuated to 60 mmHg-abs. instead of 50 
mmHg-abs. The oxygen amount after evacuation of the interior of the polymerization vessel was 35 g. 

Comparative Example 4 

50 

Production of a polymer was carried out in the same manner as in Example 2 except that a deionized water 
(pH=6) not subjected to pH adjustment was charged instead of the deionized water adjusted to pH 4 and that 
the interior of the polymerization vessel was evacuated to 55 mmH-gabs. instead of 50 mmHg-abs. The oxygen 
amount after evacuation of the interior of the polymerization vessel was 12 g. 
55 Since motive power of the agitator rapidly varied and rose 1 hour after the start of the polymerization, a 

polymerization inhibitor was introduced into the polymerization vessel to stop the polymerization. When un- 
reacted monomer was recovered from the interior of the polymerization vessel, and thereafter polymer slurry 
was taken out of the interior of the polymerization vessel. The polymer slurry was observed, it was found that 
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a part of the polymer formed a bulky mass. In addition, when the interior of the polymerization vessel was in- 
spected after taking out the slurry to the exterior of the polymerization vessel, it was found that scales adhered 
to the entire surface of an inner wall of the polymerization vessel. 

Using the vinyl chloride polymers obtained in each of Examples as samples, the particle size distribution, 
5 DOP absorption amount (take up), fish eyes, scale adhesion state and initial coloration were determined ac- 
cording to the following methods. Results are shown in Table 1. 

Particle size distribution 

10 Using each of sieves of #60, #1 00 and #1 50 in accordance with JIS Z-8801 , the undersize distribution of 

particle size (% by weight) was determined. 

DOP absorption amount 

15 Glass fiber was stuffed into the bottom of a vessel made of an aluminum alloy having an inner diameter 

of 25 mm and a depth of 85 mm, and 10 g of a sample was introduced into the vessel. 15 ml of dioctyl phthalate 
(DOP) was added to the vessel made of the aluminum alloy containing the sample, which was left for 30 minutes 
to allow DOP to sufficiently penetrate into the sample. Thereafter an excess amount of DOP was centrif uged 
from the sample under an acceleration of 1500 G. An amount of DOP absorbed by the sample was determined 

20 as % by weight with respect to the weight of the sample before the absorption of DOP. 

Fish eyes 

50 parts by weight of DOP, 0.1 part by weight of barium stearate, 0.1 part by weight of cadmium stearate, 
25 0.8 part by weight of cetanol, 2.0 parts by weight of a tin stabilizer, 0.5 part by weight of titanium dioxide, and 
0.1 part by weight of carbon black were added to 100 parts by weight of a sample. An obtained mixture was 
mixed and kneaded at 140 °C for 5 minutes by using a 6 inch roll, followed by forming into a sheet having a 
thickness of 0.3 mm. A number of white and transparent particles in 1 00 cm 2 of the sheet was counted. 

30 Scale adhesion state 

A scale adhesion state in the polymerization vessel after removing the slurry to the exterior of the poly- 
merization vessel was observed to make evaluation in accordance with the following criteria. 
A: there is no adhesion of scales, and metal mirror surface gloss is provided. 
35 B: metal mirror surface has clouding a little. 

C: film-like scales adhere to the entire metal surface. 

Initial coloration test 

40 1 part by weight of a dibutyl tin stabilizer, 0.5 part by weight of a cadmium stabilizer, and 50 parts by weight 

of DOP were added to 100 parts by weight of a sample. An obtained mixture was kneaded at 160 °C for 5 min- 
utes by using a mixing roll, followed by forming into a sheet having a thickness of 0.8 mm. 19 individuals of the 
sheets were overlapped and pressed at 160 °C for 10 minutes to prepare a test piece having a thickness of 
15 mm, and a b value was measured by using a color meter (made by Nippon Denshoku Kogyo K.K.). Those 

45 having smaller b values were evaluated to have low initial coloration. 
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Ex. 1 


Ex. 2 


Com. 
Exl 


Com. 
Ex2 


Com. 
Ex3 


Com. 
Ex4 




pH 1 


4 


4 


6 


6 


6 


6 


PVA (p=300)^ 


0. 03 


0.03 


0. 03 


0.03 


0.03 


0. 03 




PVA (p=2000) 3 


0. 05 


0.05 


0.05 


0.05 


0. 065 


0. 05 


15 


Temperature 4 


30 


50 


30 


30 


30 


50 




Pressure 5 


50 


50 


50 


100 


60 


55 


20 


Oxygen 
amount 6 


33 


10 


33 


55 


35 


12 




Oxygen 
amount 7 


51 


15 


51 


85 


54 


18 


25 


Time 8 


5 H 20 M 


5 H 18 M 


5 H 21 M 


5H45M 


5 H 21 M 


lH 0 M 


Particle size 
distribution 9 






#60 


100 


100 


68 . 1 


100 


100 




30 


#100 


42 .5 


22.4 


5.1 


51.2 


45.2 






#150 


7.2 


2 . 1 


0.0 


9.2 


7.5 


z 


35 


DOP take up 10 


34 . 8 


33. 1 


31 . 5 


32 . 0 


30.9 






Scale 11 


A 


A 


B 


B 


B 


C 


40 


Fish eyes 12 


0 


1 


7 


7 


10 






Coloration 13 








b value 


9.1 


8.2 


9.2 


10.7 


9.5 




45 


evaluation c 


jood c 


jood c 


jood I 


sad 


jood 





1 pH of charge water 

2 charge amount of PVA (p=3 00) having a saponification 
degree of 48 mol% (% by weight with respect to monomer) 

3 charge amount of PVA (p=2000) having a saponification 
degree of 78 mol% {% by weight with respect to monomer) 
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4 temperature of charge mixture before evacuation (°C) 

5 internal pressure of polymerization vessel after comple- 
tion of evacuation (mmHg-abs.) 

6 oxygen amount in polymerization vessel after completion 
of evacuation (g) 

7 oxygen amount in polymerization vessel with respect to 
charged monomer (ppm) 

8 polymerization time (hours, minutes) 

9 undersize distribution (% by weight) 

10 DOP absorption amount {%) 

11 scale adhesion state 

12 fish eyes (individuals/100 cm 2 ) 

13 initial coloration 



1. A process for producing vinyl a chloride polymer comprising the steps of: 

charging a vinyl chloride monomer or a vinylic monomer mixture containing a vinyl chloride monomer, 
an oil-soluble polymerization initiator, a dispersion stabilizer and water into a polymerization vessel; and 
suspension-polymerizing said monomer in an aqueous medium; 
wherein said water is charged into the polymerization vessel in a state of pH 2.5-5.0. 

2. The process according to claim 1 wherein an oxygen amount in the polymerization vessel at a time point 
to start said suspension polymerization is 1 0-70 ppm. 

3. The process according to claim 1 wherein said dispersion stabilizer comprises (A) an oil-soluble partially 
saponified polyvinyl alcohol having an average polymerization degree of 150-600 and a saponification 
degree of 20-60, and (B) a water-soluble polymer. 

4. The process according to claim 3 wherein the water-soluble polymer (B) is a water-soluble partially-sa- 
ponified polyvinylalcohol having an average polymerization degree of 800 to 3,000 and a saponification 
degree of 70 to 90 mol% or hydroxypropylmethyl cellulose. 

5. The process according to claim 3 wherein a weight ratio of the dispersion stabilizers (A)/(B) is 1/10 to 4/1 . 

6. The process according to claim 1 wherein an amount of said dispersion stabilizer is 0.005-5.0 parts by 
weight per 100 parts by weight of said monomer. 

7. The process according to claim 3 wherein the amount of the dispersion stabilizer (A) is 0.005-1 .0 part by 
weight per 1 00 parts by weight of the monomer, and the amount of the dispersion stabilizer (B) is 0.005- 
4.0 parts by weight per 100 parts by weight of the monomer. 

8. The process according to claim 1 wherein said water is charged at pH 3.0-4.5. 

9. The process according to claim 2 wherein said oxygen amount is 10-60 ppm. 

10. The process according to claim 1 wherein the vinylic monomer mixture containing a vinyl chloride mono- 
mer is a mixture of the vinyl chloride monomer and at least one member selected from the group consisting 
of vinyl esters, acrylic esters, methacrylate esters, olefins, maleic anhydride, acrylonitrile, styrene and 
vinylidene chloride. 
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